INTRODUCTION
Patent reform has become, perhaps improbably, one of the most contentious issues facing Congress and the courts over the past six years. The fights range across a number of major issues, which not only separate patent owners from patent defendants and those who believe in innovation incentives from those who believe in market competition, but also divide patent owners themselves along both industry and technology lines. Advocates on both sides paint seemingly irreconcilable pictures of the patent system, either as a stable system with clearly defined legal rights essential to innovation or as a system rampant with litigation abuse by "patent trolls" who use the legal system to divert money from innovative companies.
1
Far too much of this debate is based on anecdote and assumption, not real data. Pharmaceutical patent owners assume that most of the world works the way their industry does; so, too, do information technology (IT) companies. Patent trolls are variously portrayed as responsible for the majority of all patent lawsuits, for no more than two percent, or as mythical creatures that do not actually exist. 2 See, e.g., Patent Trolls: Fact PROP. L. 292, 305-09 (2007) (arguing that the term "patent troll" obscures real problems in the patent system); Mark A. Lemley & Carl Shapiro, Patent [Vol. 158: 1 that they are most commonly in the hands of companies other than the ones building new products.
In Part I we describe our study. In Part II we report our results. Part III discusses the implications of our findings.
I. STUDY DESIGN
Only about 1.5% of all patents are ever litigated in court. 5 The majority of patents are worth no more than a few thousand dollars; 6 litigated patents are almost by definition extreme outliers, since the parties are willing to spend millions of dollars per side in legal fees in order to litigate them. 7 In prior work, two of the authors demonstrated that litigated patents have significantly different characteristics than other patents. 8 They include more claims, cite more prior art, STATISTIQUE 223 (1998) (surveying the literature on the issue). This Article both strengthens that conclusion and demonstrates for the first time a strong relationship between the number of times a patent is enforced and the determinants of value. It also allows us to refute a hypothesis that we addressed but could not resolve in our prior work: that litigated patents are valuable, but not the most valuable patents. Litigation, on this account, is evidence of weakness in a patent. Perhaps competitors quietly take licenses to the truly valuable patents, and the ones they fight about are akin to an "upper-middle class" of potentially valuable but less-than-perfect patents. 5 ECON. 405, 412 & n.3 (1998) (noting a variety of studies finding "that most patents are of very little value"); Kimberly A. Moore, Worthless Patents, 20 BERKELEY TECH. L.J. 1521 , 1526 (2005 (documenting the failure of most patentees to pay maintenance fees costing only a few thousand dollars); Thomas Ewing, Book Review, 43 SANTA CLA-RA L. REV. 631, 633 (2003) ("Some of the authors simply recount patent procurement and litigation statistics ad nauseum and do not seem to understand that some patents really do have no value whatsoever since no one would ever practice the disclosed technology, as claimed."). Maintenance fees are due in increasing amounts at 3.5 years, 7.5 years, and 11.5 years after the patent issues. 35 U.S.C. § 41(b) (2006) . The fees are $830 at 3.5 years, $1,900 at 7.5 years, and $2,910 at 11.5 years. Id. Those fees are halved for small entities. Id. § 41(h)(1). 7 See AM. INTELL. PROP. LAW ASS'N, REPORT OF THE ECONOMIC SURVEY, at I-91 (2007) (reporting that the median cost of high-stakes patent lawsuits is five million dollars per side in legal fees through trial). 8 Allison et al., supra note 4; see also Allison & Sager, supra note 4, at 1794 (defending the statistical power of the results in the earlier study).
are cited more often by later patents, file more continuation applications, and come from larger "families" of patents.
9 They are also concentrated in certain industries. For example, semiconductor patents are particularly unlikely to be litigated because the industry is concentrated and cross-licenses are common. 10 Many of these characteristics are within the control of the patent applicant, and most are known by the time the patent issues. Allison et al. suggest that these characteristics are evidence of the private value of patents.
11
That prior work depended significantly on a randomly selected sample of cases actually litigated. The development of the Stanford IP Litigation Clearinghouse in December 2008 opened up a second alternative. The Clearinghouse collects every patent-infringement lawsuit filed since January 1, 2000, in searchable format, and links those suits to the patents in suit.
12 Using that database, we identified every patent that has been litigated eight or more times between 2000 and 2007 (including cases still pending). We identified 106 such patents.
13
For purposes of our study, we also identified a randomly selected control set of 106 patents that have been litigated only once during this time period. This allows us to extend the work that Allison et al. did in 2004, comparing the "ordinary" litigated patents (already outliers, as we have seen) to the most-litigated patents. If Allison et al. are correct, we would expect those most-litigated patents to exhibit even more evidence of private value, and perhaps even more of an industry skew.
To test these hypotheses, we collected a variety of data about both the patents and the patent lawsuits.
14 For each litigated patent, we col-9 Allison et al., supra note 4, at 438. 10 Id. at 468-69. 11 Id. at 460. 12 Due to increased availability of electronic filings in federal court, the ability to identify patents in suit has improved markedly, particularly since 2003. Moreover, electronic access varies by district, potentially making this patent data set underinclusive for certain districts despite manual collection of cases from those districts. Nevertheless, the patents identified represent the best, most representative data set available. 13 For purposes of this analysis, we include declaratory-judgment actions as well as actions filed by the patent owner. Until 2007, the rules for declaratory judgment required a clear threat of suit by the patent owner. See Teva Pharm. USA, Inc. v. Pfizer, Inc., 395 F.3d 1324 , 1333 (Fed. Cir. 2005 ) (requiring reasonable apprehension of imminent suit), abrogated by MedImmune, Inc. v. Genentech, Inc., 549 U.S. 118 (2007) (permitting a declaratory judgment action so long as there is an actual controversy between the parties). We count only separate lawsuits; many patent lawsuits are filed against multiple defendants in a single proceeding.
14 We do not address the outcomes of those lawsuits in this Article; that is the subject of a companion piece by the authors, tentatively entitled Patent Quality and Risk Aversion Among Repeat Patent Litigants.
[Vol. 158: 1 lected information about small-entity status (i.e., whether the patent owner at issue is an individual, university, or small business, as opposed to a large business); whether the patent is assigned before litigation; the number of continuation applications filed leading to issuance of the patent; the raw and adjusted number of "forward citations" (citations to the patent by later patents); the number of "prior art references" the patent makes to U.S. patents, foreign patents, and nonpatent prior art; and the number of claims in each patent.
We also categorized each patent into both an industry and a technology in order to ascertain whether significant differences existed in the technology and industry areas. 15 We did not use the Patent and Trademark Office (PTO) classification system because our prior work has found that it is badly flawed.
16 Instead, we did our own categorization. In our description of technology and industry areas for inventions that we actually encountered in our data sets, we attempted to define the areas in a comprehensive way, and our definitions are thus broad enough to include specific inventions not actually found in our data sets.
17
A. Technology Areas (1) Software: An invention in which data processing is a sufficiently critical element that at least one claim element in the patent consists of data processing-the actual manipulation of data- 15 We did not attempt to create a comprehensive typology of such areas, but for obvious reasons only identified and defined those technology and industry areas we actually encountered in the population of the 106 most-asserted patents and the sample of 106 once-litigated patents. Although the size of our data sets is sufficient for sound statistical analysis, the relatively small numbers of observations necessarily results in our having encountered fewer technology and industry areas than we would have encountered in a much larger patent data set. The technology categories are not necessarily mutually exclusive because modern inventions so often involve multiple technologies.
Our industry categories are also not all mutually exclusive, reflecting the reality of modern industry crossovers. For example, a software-implemented telecommunications process or product rightly belongs in both a computer and a communications industry category. There are, however, fewer inventions belonging in more than one industry category than there are inventions belonging in more than one technology area because mixes of technologies in inventions are more common than industry crossovers. 16 John R. Allison & Mark A. Lemley, Who's Patenting What? An Empirical Exploration of Patent Prosecution, 53 VAND. L. REV. 2099 , 2114 (2000 . 17 Although we report descriptive statistics and bivariate comparisons for all of our technology and industry areas, we defined a few technology and industry areas encountered in the data set that we ultimately did not subject to statistical testing because the number of observations for such areas was so small as to render statistical analysis meaningless. We did this to create definitions of categories that could also be used in data sets other than the ones we used in this study.
regardless of whether the code carrying out that data processing is on a magnetic storage medium or embedded in a chip. The latter is often called "firmware."
18 This category includes the two software patent subsets described below.
(2) Pure software: An invention consisting only of data processing; all claim elements in the patent consist of data processing. However, we include in this definition a patent on data processing in which there is a trivial nondata processing element such as a generic input, output, or storage element clearly not intended to represent any novel technical advance. This category is a subset of software.
(3) Software business method: Also a subset of software patent, this category includes software patents that cover methods for conducting business transactions. Business-method patents are notoriously difficult to define, with possible definitions varying greatly in scope. For this study, we used a narrow definition limited to those patents the claims of which obviously covered only such things as automated generation of customer proposals, advertising, and the use of online catalogs.
(4) Mechanical: A process, machine, or product that consists solely of the use of mechanical parts, sometimes combined with heat, hydraulics, pneumatics, or other power sources; or an invention in which the above is a critical part. Some inventions classified as mechanical will also be in one or more other classifications, such as electronics. While many different types of inventions fit into this category, it is not a catchall "other" category.
(5) Electronics: A process, machine, or product in which the invention or a critical part thereof makes use of traditional electronic circuitry or involves electric-energy storage. An invention in this classification may also be included in other classifications, such as chemistry, mechanics, or optics.
(6) Optics (other than imaging): A process, machine, or product in which the invention or a critical part thereof employs light waves. Optics technology will sometimes also be classified in one or more other areas, such as electronics or chemistry.
(7) Imaging: A process, machine, or product in which the invention or a critical part thereof involves the creation or processing of images for various purposes. The imaging may be analog or digital. 18 The difficulty in defining a software patent, and the detailed reasoning that supports our definition, can be found in Arti K. Rai, John R. [Vol. 158: 1
The majority of imaging patents have medical uses, but some serve other purposes such as security or meteorology.
(8) Biotechnology: A process involving advanced genetic techniques intended to construct new microbial, plant, or animal strains; a product created from such a process; or the way such a process or product is used in biotechnology research. Although there are a number of different genetic-engineering techniques, for several reasons we decided not to disaggregate these techniques into separate technology areas.
(9) Chemistry: A process consisting of chemical reactions, a product resulting from such a process, an invention of which a chemical process or product is a critical part, or an invention consisting of a purportedly novel use of chemical substances. Closely related inventions such as those on novel metal alloys and nonmetallic amalgams are also included. An invention in the field of chemistry may be included in one or more other classifications, such as electronics or optics.
B. Industry Areas
(1) Computer: This industry encompasses both software and computer-hardware inventions, including not only hardware products but also machines and processes for making computer hardware. As discussed below, some but not all inventions in the semiconductor industry are also included in the computer industry category.
(2) Semiconductor: The semiconductor industry category includes inventions of any kind intended to advance the state of the art in researching, designing, or fabricating semiconductor chips. Despite the fact that many semiconductor devices are intended to be computer components, not all are so intended, and we thus do not automatically include semiconductor patents in the computer industry category. There are situations in which a patent appropriately belongs in both the computer and semiconductor industry categories, such as a patent on a software or computer-hardware invention specifically for use in semiconductor device fabrication, but this is not an automatic industry crossover.
(3) Electronics: This is a somewhat narrower version of the electronics technology category. This industry category includes many patents that involve the use of electronics technology, but inventions of which electronics technology forms a part are not always legitimately viewed as being within the electronics industry. An example might be an electro-mechanical process (covered by both the mechanical and electronics technology areas) for creating a packaging system for integrated circuits and printed circuit boards.
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Although reasonable minds could differ, it seems most logical to include such an invention in the computer and semiconductor industries for which the packaging is intended, not in the electrical industry.
(4) Medical: This industry category includes inventions of any kind used for research on, or for the diagnosis or treatment of, diseases or other abnormal conditions in humans or animals. Patents on processes and products for pharmaceutical purposes are not included in the medical industry category.
(5) Pharmaceutical: The pharmaceutical industry category includes patents on drugs for treating diseases or other abnormal conditions in humans or animals, as well as processes for producing or using such drugs.
(6) Biotechnology: In this instance, we concluded that the biotechnology technology area, which we define broadly, should also be an industry category.
(7) Chemical: The chemical industry category includes inventions of all kinds that deal primarily with the making, transportation, and use of chemical substances, except for pharmaceutical drugs. It is both narrower and broader than the chemistry technology area. It is narrower in the sense that it does not include patents on inventions using chemical techniques to produce nonchemical products that more logically belong in another industry. For example, a patent including an element covering the use of chemical techniques in semiconductor fabrication would not be included in the chemical industry category. The industry category is broader than the chemistry technology category, as it includes inventions not employing chemistry techniques but that nevertheless are intended for use by chemical companies, such as a mechanical invention relating to the handling of chemicals.
(8) Communications: The communications industry category includes patents on inventions of all kinds intended to advance the state of the art in communications.
(9) Transportation: This category includes patents on any type of invention related to vehicles of any type, or to the provision of transportation services.
(10) Energy and utility services: This category includes patents on inventions of any kind associated with power generation, transporta-[Vol. 158: 1 tion, or consumption. Also included are inventions related to the delivery of public utility services.
(11) Financial: This category includes processes and products associated with providing financial services of various kinds. Such patents usually employ software and, if so, are also included in the computer industry category.
(12) Consumer goods and services: This category includes patents on products and services of all kinds intended for personal consumer purposes. Also included are patents on methods for marketing, buying, or delivering personal consumer goods or services, which often will be software implemented and thus will also fall within the computer industry category.
(13) Construction: The construction industry category includes inventions of all kinds related to the erection or maintenance of structures, or to excavation.
C. Entity Status
Finally, we investigated the nature of the patent plaintiff. Following Lemley and Myhrvold, 20 we categorized each patent owner into one of the twelve different "entity status" categories listed in Table 1 . Of the twelve entity classes, only one (Class 8) involves enforcement by a patent owner that actually makes products. The remainder are different types of "nonpracticing entities," 21 sometimes called "patent trolls" for the prototypical practice of hiding under a bridge they did not build and demanding a toll from surprised passersby. Rather than take a position on what, if any, nonpracticing entities should be considered "trolls," we classify each patent owner and let the reader decide. We do, however, report the results for practicing versus nonpracticing entities (i.e., Class 8 versus other classes) as well as the results for each class.
D. Statistical Analysis
We tested each of the results reported here for statistical significance. We report the results in the tables in most cases. But, unless otherwise noted, the reader should assume that we report only results with a confidence level greater than 99% (i.e., a p-value of less than 0.01).
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In addition to descriptive statistics and bivariate comparisons of individual variables between the two data sets, 23 we also checked our results using logistic regression to determine which differences between the two data sets remained significant after accounting for interactions (correlations) among the variables within each set. Logistic regression is one form of multiple regression, which is used when there are multiple predictor (or explanatory) variables and only one dependent variable (here, either a singly or multiply litigated patent).
We conducted two logistic regressions, one including the key patent characteristics and technology areas, the other including those same patent characteristics and industry areas.
The patent characteristics included in each regression, some of which are obviously categorical variables and some of which are obviously continuous variables, were as follows: (1) whether ownership of the patent had been assigned after issuance and before the first litigation of that patent; (2) whether the patent was initially issued to a [Vol. 158: 1 small or large entity; (3) the number of U.S. nonprovisional applications leading to the particular patent; (4) the number of forward citations, adjusted for patent age; (5) the subset of forward citations consisting of self-citations, also adjusted for patent age; (6) the number of claims; (7) the number of references to prior U.S. patents; (8) the number of references to prior foreign patents; and (9) the number of references to nonpatent prior art (i.e., "other publications").
In the regression with technology areas, we included all of those listed in the descriptive and bivariate statistics, except that we used the total number of software patents and did not break the software category into subsets. In the regression with industry areas, we included all of those listed in the descriptive and bivariate statistics.
II. RESULTS

A. The Characteristics of the Most-Litigated Patents
We begin by investigating the characteristics of the most-litigated patents and comparing them to the control set of patents that were litigated only once. The results are dramatic. The most-litigated patents differ fundamentally in virtually every respect from even the once-litigated patents. We report these results in Tables 2 and 3 . Table 2 shows that the most-litigated patents made extraordinary use of patent continuations. 24 Litigated patents in the control set had an average of two priority applications-the original application and one continuation or divisional. Moreover, fully half of the patents in the control set filed no continuation applications at all.
25 By contrast, the most-litigated patents had an average of 4.3 applications each, and the median patent in this set had 3 applications. 24 For a discussion of patent continuations, see Mark A. Lemley & Kimberly A. Moore, Ending Abuse of Patent Continuations, 84 B.U. L. REV. 63 (2004) . 25 This explains the otherwise odd result that the median number of applications filed is 1.5---exactly half of the patents had one application, and half had more than one. Table 2 also shows differences in forward citations (i.e., citations received by subsequent patents referring back to the patent in question as prior art), which economists have often identified as a measure of patent value. 26 The results here are more complicated. As Hall, Jaffe, and Trajtenberg have shown, just counting forward citations can be misleading because the older a patent is the more time others will have had to cite it. 27 The results also need to be adjusted because citation patterns have changed over time. The base results in Table 2 [Vol. 158: 1 most-litigated patents are cited more than twice as often as the controlset patents. After adjusting the number of forward citations received by patents to account for their different ages, the differences between the two data sets are significant to an exceptional degree.
28 Table 2 also shows significant differences in "self-citations," a subset of forward citations that has been found to be an independent value indicator apart from the set of overall forward citations of which they are a part.
29
The differences are even more dramatic when it comes to prior art references (sometimes referred to as "backward citations"). These 28 The method of adjustment to account for the different ages of patents involves placing each patent in the data set into a cohort of other patents in the data set that were issued during the same year. Thus, each cohort is one year, although cohorts of more than one year could be used if necessary even though that would decrease precision somewhat. The number of forward citations received by each patent is divided by the average number of forward citations received by other patents in the same cohort. This gives us the adjusted number of forward citations for that patent in the data set. The process is repeated for every other patent in the same cohort and then repeated for each patent in the other year cohorts. To obtain the adjusted number of forward citations for an entire data set, we then averaged the quantity of adjusted number of forward citations received by all patents in the set. Because of the unusual skew in forward citations, the means for untransformed forward citations look nearly identical even though the differences in the distributions are both dramatic and highly significant. As a result, we also report in Table 2 the logtransformed value for adjusted forward citations, which makes the differences quite clear.
29 Self-citations are references to the patent as prior art in subsequent patents issued to the same inventor or assignee. Self-citations have been identified as an independent indicator of private patent value apart from overall forward citations of which the self-citations are a part. See, e.g., Hall et al., supra note 26, at 31-33 (finding selfcitation to be a highly significant indicator of market value). The apparent reason is that self-citations provide evidence that the patent owner is building a portfolio of patents on related technologies, and a portfolio of patents often has a value that is greater than the sum of its parts. See, e.g., Gideon Parchomovsky & R. Polk Wagner, Patent Portfolios, 154 U. PA. L. REV. 1, 5-6 (2005) . Because there can be multiple inventors on a patent, and because ownership of a patent can sometimes change after issuance, there is occasionally difficulty in identifying a particular forward citation as a selfcitation. Thus, we used the following decision rule for identifying self-citations: a forward citation is a self-citation if either (a) the owners of the main patent and the forward citation are the same, or (b) the owners are different, the inventors in the main patent and the forward citation are the same, and there are no co-inventors (i.e., no other inventors). To apply this decision rule, we had to examine the front pages of each of the 3419 patents that constituted forward citations to patents in our two data sets. Economists do not examine individual forward citations and thus use a blunter test to identify self-citations---a forward citation is a self-citation when the assignee (owner) of the patent is the same in the instant patent and the forward citation. See, e.g., Hall et al., supra note 28, at 424. This approach clearly does not capture any nuance, but it has the advantage of being automatizable. are references to prior U.S. and foreign patents as well as printed publications and claims. Table 3 presents these results. The mostlitigated patents have more than 50% more claims than the control set-39.3 on average compared with 24.5 for once-litigated patents. The number of claims is sometimes associated with patent value, though two of the authors have elsewhere noted the complexity of the claim count/value relationship.
30 Much more significant is the difference in prior art citations.
31
The most-litigated patents cite nearly three times as many U.S. and foreign patents as other litigated patents and nearly ten times as many nonpatent prior art references as other litigated patents. This is particularly notable given that litigated patents themselves cite much more prior art than unlitigated patents. litigated patent is likely to cite fewer prior patents per claim than a randomly selected patent."). The theory behind the relationship of prior art references and value is that the more citations that are considered during prosecution by the examiner, the less likely it is that some prior art exists that will invalidate the patent. The more prior art considered, in other words, the more likely a patent is to survive subsequent litigation. 185, 232-34 (1998) (showing that courts are more likely to invalidate patents on the basis of uncited prior art than on prior art cited to the PTO); Moore, supra note 30, at 1538 ("Patents that include more citations or more diverse citations are more likely to be valid."). Because lawyers know this, the value relationship may reflect not only the strength of patents that cite a lot of prior art, but also efforts by applicants to "bulletproof" patents they expect to litigate by citing a great deal of art.
32 Allison et al., supra note 4, at 453-55. Because many of the patents in this sample were issued before January 1, 2001, when the PTO began identifying examineradded prior art on the face of the patent, we were unable to determine whether it was [Vol. 158: 1 All of these differences are significant at extraordinarily high confidence levels. 
B. The Technologies and Industries of the Most-Litigated Patents
We also find dramatic differences between most-litigated and once-litigated patents when it comes to the technologies they employ and the industries with which they are associated. Prior work has found that significant numbers of patents issue in a wide variety of technology areas and industries, including mechanics, biotechnology, semiconductors, and computer-related inventions, 33 though this diversity of technologies is a relatively recent phenomenon. study, we found that patents were disproportionately more likely to be litigated in some industries than in others, and that semiconductor patents in particular were unlikely to be litigated. 35 We find even more significant differences in technology and industry areas between most-litigated and once-litigated patents. We report two sets of results: one by industry area and one by technology area. As noted above, the two frequently diverge-a software invention may be used in any number of industries, some traditionally considered computer-related but others entirely divorced from it, such as automobiles or bioinformatics. The results, reported as proportions of the 106 patents in each data set involving the identified technology or industry area, 36 are presented in Tables 4 and 5 The most-litigated patents are overwhelmingly likely to be software patents. Nearly three-fourths of the most-litigated patents are software patents, compared with just over one-fourth of the once-litigated patents. Similarly, software-implemented business-method patents are overrepresented in the most-litigated patents group (they comprise 15% of the most-litigated patents versus 4% of the least-litigated). And imaging patents are much more heavily represented in the mostlitigated category (11% versus 2%) as well. By contrast, mechanical and electronics patents make up the bulk of the once-litigated-patent cases, but they are only of minor significance in the most-litigated-patent set. Mechanical inventions make up only 8% of the most-litigated patents, but 53% of the once-litigated patents; electronics inventions make up only 1% of the most-litigated patents but fully 25% of the once-litigated patents. Other industries, notably biotechnology and chemistry, do not show significant differences between the two data sets.
We see similar variance when we move from the technology areas to the industries. Figure 2 and Table 5 present the results by industry. The computer industry is once again dominant in the most-litigatedpatent set; 72% of the most-litigated patents are in the computer industry, compared with 34% of the once-litigated patents. Telecommunications is similar; 34% of the most-litigated patents are in the communications industry, compared with 8% of the once-litigated patents. By contrast, a variety of more traditional industries, including electronics, medical, chemical, energy, consumer goods and services, and construction are all significantly more likely to show up in the once-litigated-patent set than in the most-litigated set. Also surprising is the pharmaceutical industry, which has a significant share of the most-litigated patents but perhaps less of a share than one might expect given their power in the patent-reform debate.
C. The Owners of the Most-Litigated Patents
Finally, we collect a variety of information regarding the owners of the patents in both the most-litigated and the once-litigated sets. To begin, we must separate the initial owner of the patent from the owner when the lawsuit is filed because one of our findings is that more than one-third of the litigated patents across both data sets were sold to another owner after issue and before the first lawsuit was filed.
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Small entities start out owning more once-litigated than mostlitigated patents: 57 of 106 once-litigated patents were originally assigned to small entities, compared to 40 of the most-litigated patents. While one might conclude that small entities are more likely to be occasional users of the patent system, two problems complicate this conclusion. First, a large number of the most-litigated patents are owned by a single entity-Ronald S. Katz Technology Licensing LLP.
39 While that company is most probably a "small entity," defined as a company employing fewer than 500 people, the patents were not filed with small-entity status. To avoid skewing the data in either direction by treating Katz patents either as large-or small-entity patents, we have excluded them from the small-entity analysis entirely. That means that the small-entity numbers are a larger share of the most-litigated patents than the raw numbers suggest. Small entities owned 53.8% of the once-litigated patents and 46.5% of the most-litigated patents. 40 37 Allison et al., supra note 4, at 472. 38 We found that 44 of the 106 most-litigated patents and 31 of the 106 oncelitigated patents were sold before litigation. The difference was not statistically significant, however, so we rely only on the aggregate numbers. 39 Katz had 20 of the top 106 most-litigated patents issued in his name. In fact, his impact on the most-litigated patents is even greater, because at litigation he owned still other patents acquired after issue. 40 Cf. Gwendolyn G. That is not the end of the story, however, because the owner of the patent at issue is not always the owner of the patent when the suit is filed. Indeed, we find that 44 of the 106 most-litigated patents and 31 of the 106 once-litigated patents are assigned to another entity before the first lawsuit is filed. 41 In Table 6 and Figure 3 , we relate the entity size at issue to the likelihood of assignment before litigation. Notably, once assignments are taken into account, it seems that small entities that keep rather than sell their patents tend to litigate less often than either large entities or purchasers of small-entity patents. The fact that assigned patents are more likely to be the mostlitigated patents is also consistent with the idea that the most-litigated patents are also the most valuable, since they are more likely to have been sold. 42 Next, we evaluate the nature of the patent owners in both sets. One of the biggest policy debates in patent reform has been over the nature and extent of "patent trolls." As noted in Part I, we divide the patent plaintiffs in our data sets into twelve different categories. We present the results of that categorization in Table 7 and Figure 4 . 42 An alternative explanation, however, is that once a company pays money to buy a patent, it is more likely to enforce that patent since it wants a return on its investment. Similarly, the correlation between value and assignment may reflect the nature of the acquiring entities, at least for a given subset of cases. An entity purchasing thirdparty patents to assert will presumably do precisely that. Moreover, at least some patent holders may create special-purpose entities immediately prior to, and for, litigation. On the other hand, one must assume that an acquirer will evaluate the likely value of patents before buying them and will not knowingly purchase patents that are either of highly dubious validity or of such narrow scope as to be of little use. The differences are dramatic. Once the few entities whose status we could not determine (three of the most-litigated patents and four of the once-litigated patents) are excluded, traditional product companies-those that are participants in the market in which they are enforcing the patent-represent 83.3% of the once-litigated patents but only 45.6% of the most-litigated patents. If one views all nonpracticing entities as patent trolls, a view with which we do not necessarily agree, 43 trolls hold a significant share of the most important patents, but a much smaller share of "ordinary" once-litigated patents. 44 The most-litigated patents, despite being small in number compared to the total number of patents issued, are disproportionately important to the patent system because of the volume of litigation they generate. Nonetheless, it is worth keeping in mind that the 2987 infringement suits filed on the 106 most-litigated patents still represent only about 14% of the patent suits filed from 2000 through 2007.
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Nonpracticing entities in the most-litigated-patent set fall almost entirely into only two classes: licensing companies in the business of buying up and enforcing patents ("trolls" by virtually anyone's definition) and companies started by an inventor that do not make products. Licensing companies account for 11.7% of the most-litigatedpatent suits, and inventor companies account for 41.7% of those suits. Only one patentee in this group-an individual litigant-falls into any other category. By contrast, the ecology of once-litigated patents is somewhat more diverse; that data set includes suits by universities, university spin-outs, failed start-ups, companies that once sold products but no longer do, and industry consortia. None represents a large percentage of the set of once-litigated patents.
The disparity is even greater than these data suggest. Each patent in the control set has been litigated only once, meaning that each patent has an equal effect on the overall distribution. By contrast, the most-litigated patents include some patents litigated eight times and others litigated ninety-seven times. . 44 The differences we report are statistically significant at a 95% or greater confidence level for class 1, and at a 99% confidence level for classes 5 and 8. 45 See Stanford IP Litigation Clearinghouse, http://lexmachina.stanford.edu (last visited Oct. 15, 2009) (reporting that 13,793 total patent suits were filed between 2003 and 2007 inclusive) . A list of the most-litigated patents and the number of suits in the database is attached as the Appendix. 46 See infra Appendix.
number of lawsuits gives us a somewhat different story, one depicted in Table 8 and Figure 5 . Once we take account of the number of suits, the share of suits by product companies falls to 18.4%-showing that more than 80% of the most-litigated-patent suits are filed by NPEs. 47 Most are filed by inventor-owned or inventor-developed companies, which account for 74.4% of the most-litigated-patent lawsuits. Further, the share of suits filed by licensing shops actually falls to 6.7% of all suits. Nonpracticing entities are a small share of once-litigated patents, but they thus represent an overwhelming share of the suits filed on the most-litigated patents.
D. The Katz Effect
It is worth mentioning the outsized role played here by one patent plaintiff, Ronald Katz. He owns a large percentage of the mostlitigated patents, including most of the top thirty patents. Roughly 60% (1789 of 2987) of the patent-lawsuit combinations in the mostlitigated set are Katz-related lawsuits. There is no question that Katz is an outlier. We considered removing his suits from our results but decided against it, as the most-litigated patents are all outliers in some sense and removing Katz would skew our data. Katz is a product of the current patent system, and the Katzes of the world should be considered in evaluating the effects of that system.
E. Logistic Regression
In both the technology-area and industry-area regressions, we found three continuous variables to be significant or highly significant despite the existence of substantial correlations among many variables: (1) the number of U.S. nonprovisional applications leading to the particular patent; 48 (2) the number of references to prior U.S. patents; 49 and (3) the number of references to nonpatent prior art (i.e., "printed publications"). 50 In the technology-area logistic regression, we found a high degree of significance for the software (p = 0.0024) and mechanical (p = 0.0004) areas. In the industry-area logistic regression, we found exceptionally high levels of significance for the computer (p < 0.0001) and pharmaceutical (p < 0.0001) areas.
51 47 This may overstate the role played by NPEs, however, because many of those suits involve more than one patent in our data set.
48 Technology-area regression p = 0.0303; industry-area regression p = 0.0359. 49 Technology-area regression p = 0.0223; industry-area regression p = 0.0061. 50 Technology-area regression p = 0.0282; industry-area regression p = 0.0062. 51 The full results of the logistic regressions are available from the authors on request.
Given the large number of correlated variables in patent data, 52 it is quite meaningful that we found significance in the three continuous variables in both regressions. The more interactions there are among variables, the more difficult it is to tease out predictive power in a multiple regression.
In addition to the unavoidable correlations among many patent characteristics, the very nature of the question we are asking places some limitations on the logistic regressions. First, the nature of our inquiry into the most-litigated patents necessarily means that we have a relatively small number of observations. Data sets of 106 observations each are large enough for statistical analysis, but when combined with the fact of unavoidable interactions among many variables, larger data sets would allow for stronger results. With larger numbers of observations, we would almost certainly find significance with more variables in the regressions. There is, however, no way to make them larger. We are intentionally looking at "upper-outlier patents." Moreover, when we divide the patents in our data sets into technology and industry areas, we necessarily reduce the number of observations even further. This fact makes it even more remarkable that significance in the regressions was found in two technology areas and two industry areas.
In addition, the number of interactions among variables was increased by the fact that, as in our previous studies, we did not treat technology or industry areas as necessarily being mutually exclusive. This reflects the reality of modern inventions: any attempt to assign many patented inventions to a single technology or industry area is completely unrealistic and unjustifiable. However, the fact that a single patent may belong in more than one technology or industry area does further increase the number of interactions among these variables. [Vol. 158: 1 In the end, because of the very nature of the questions we ask and the unavoidable interactions in our data, our results may be portrayed less accurately by the logistic regressions than by the descriptive statistics and bivariate comparisons. We have accordingly emphasized those conclusions in the Part that follows.
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III. IMPLICATIONS
In this Part, we draw a number of possible implications from the data. Notably, there are different ways to understand our data, and, depending on one's predisposition, the data might point to different policy conclusions. We seek to identify some of the most likely implications in this Part.
A. Extreme Value?
The first thing that stands out is the powerful evidence that the most-litigated patents have different, clearly identifiable characteristics that distinguish them from once-litigated patents (and distinguish them even more from ordinary, nonlitigated patents). Notably, the characteristics that distinguish the most-litigated patents from other patents are also the ones that researchers have long used to identify the most-valuable patents: more claims, more prior art citations, more forward citations, a higher likelihood of assignment between issue and litigation, and larger numbers of continuation applications. A reasonable conclusion, therefore, is that the most-litigated patents are also the most-valuable patents. Allison et al. drew this conclusion for the general class of litigated patents (i.e., patents that had been litigated at least once). 53 Our data seem to strengthen that conclusion substantially. While one might question whether litigation was actually an indicator of value in all cases, the fact that more litigation is strongly correlated with the indicia of value suggests that the intuitive relationship between value and litigation is indeed the right one. REV. 1677 REV. , 1680 REV. (2007 (" [T] he misuse of patent metrics has both fostered dire predictions and created unrealistic expectations about the capacity of patent data to guide policy."). But the fact that they are not perfect predictors does not render them worthless. See Allison & Sager, supra note 4, at 1794 (concluding that, despite some imperfections, patent characteristics can be useful in identifying valuable patents).
The fact that the most-litigated patents are disproportionately owned by nonpracticing entities, coupled with our suggestion that the most-litigated patents are the most valuable ones, might lead one to conclude that nonpracticing entities produce the most important patents and therefore are owed more respect than the current patent system (and certainly patent reformers) gives them. This reasoning might also support a subsidiary conclusion that continuation applications are necessary to support the most important patents. 55 We acknowledge that these are possible implications of our results. But there are reasons to be cautious in drawing these conclusions. The value we identify in this Article is not social value but private value. 56 Our results suggest that having more claims, more prior art citations, and more continuation applications leads to stronger patents, and a first-order assessment might suggest that stronger patents are good. But that does not mean that those patents are necessarily better for society or even valid. It may simply mean that those patents are optimized for litigation, because they are better protected against the vagaries of claim construction 57 and against validity challenges based on uncited prior art.
58
And because of the well-known constraints under which the PTO operates, it may even be that the PTO is worse at assessing larger, more complex patents in the limited time that examiners can devote to those patents.
59
Whether the most-litigated patents represent the most important inventions or just the most valuable rights to exclude, the fact that the patents that are likely to generate the most litigation have common 55 But see Lemley & Moore, supra note 24, [71] [72] [73] [74] [75] [76] [77] [78] [79] [80] [81] [82] [83] REV. 1743 REV. , 1763 REV. (2009 . Drafting more claims hedges against this risk by giving the patentee multiple shots at an error-free claim. Continuations also hedge against this risk by allowing patentees to rewrite their claims after the fact. 58 See Allison & Lemley, supra note 31, at 231-34 (finding that it is much harder to invalidate patents based on art that was cited to the PTO, leading to the possibility of "bulletproofing" a patent application by including as much prior art as possible). Relatedly, a sea of citations may actually diminish the PTO's ability to analyze invalidity with respect to the most salient prior art included therein, since examiners operate under severe time constraints and are not given more time to examine applications just because they include more prior art. 59 We test this hypothesis in an upcoming companion paper that investigates the outcomes of the most-litigated-patent cases. See supra note 14 and accompanying text. value data may give us a means to select applications for additional review. It could also be systematized within the PTO, for example by replacing the "one size fits all" allocation of examiner time with a complexity-weighting system that gives examiners more time and more credit for evaluating the most complex (and most valuable) applications. Moreover, the ability to identify the most valuable patents in advance may allow companies to focus their attention on smaller sets of patents with which they should be concerned when they invent in the same or a related area. It may also provide investors with more relevant information when deciding whether to help fund a start-up, take a security interest in a patent for a loan, or make some other investment decision.
65
The data also suggest substantial variation by technology area and industry area in how patent litigation works. That itself should come as no surprise; Burk and Lemley have documented the many ways in which both patent law and innovation incentives are industry specific, and the congressional debates over patent reform have pitted different industries against each other on issue after issue.
66
But the disproportionate representation of software, telecommunications, and business-method patents among the most-litigated patents might suggest that it is appropriate to pay more attention to patents in those technologies and industries, both in court and at the PTO, just as the importance of patents with multiple claims and prior art citations suggests that those patents are more important than the average patent. Here too we urge caution, however: While the most-litigated patents are disproportionately IT patents, there are unquestionably pharmaceutical patents whose value exceeds that of any patent in the IT industry. The regulated nature of the biomedical industries may be limiting the number of lawsuits in the pharmaceutical and biotechnology industries.
B. Trolls on Top?
The other important difference evident from this data is the prevalence of nonpracticing entities in the most-litigated patents. Patent reform debates have, perhaps unfortunately, focused a great deal of attention on "patent trolls." There is substantial disagreement as to whether trolls exist and how significant a role they play in patent liti- 65 See Allison & Sager, supra note 4, at 1787-88 (describing how prospective investors may sift through a set of patents looking for ones of value). 66 See BURK & LEMLEY, supra note 1, at 49-66 (documenting industry differences in innovation and patenting); see also Josh Lerner, The Litigation of Financial Innovations 2 (Nat'l Bureau of Econ. Research, Working Paper No. 14324, 2008 ) (finding that financial-services patents are litigated 27 to 39 times more than ordinary patents).
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Nonpracticing entities are clearly an important phenomenon in the modern patent system. While they account for only about 16% of the once-litigated patents, they represent over 80% of the suits filed involving the most-litigated patents and own more than 50% of the most-litigated patents themselves. 68 Clearly, then, the role of nonpracticing entities in the modern patent system cannot be dismissed and should not be diminished.
Whether this represents a flood of patent trolls depends critically on how one defines the term "patent troll." If a patent troll is anyone who sues to enforce a patent that she does not practice, trolls are indeed rampant among the most-litigated patents. But if we limit the definition to companies enforcing patents that cover inventions they did not themselves develop, the number of patent trolls drops dramatically, to 12% of the patents and 7% of the lawsuits. And even if the reader decides that trolls are rampant, that fact informs policy debates over patent reform but does not itself tell us whether to celebrate or deplore the role of patent trolls.
One of the authors has argued that we should not focus so much attention on labeling particular plaintiffs as trolls or not, but instead on making sure that the patent rules provide patentees of all types fair compensation but not opportunities for holdup. 69 Even if we are not to create troll-specific rules, however, our findings here are important because they suggest that the remedy rules that do depend on the plaintiff's status, such as entitlement to injunctive relief 70 and lostprofits damages, 71 are critically important and need to be evaluated in Warner-Lambert Co.
